Thrombin induces neoangiogenesis in the chick chorioallantoic membrane.
Most tumors have constitutively active tissue factor on their surface, capable of generating thrombin in the surrounding environment, and thrombosis is associated with cancer. Thrombin is known to induce a malignant phenotype by enhancing tissue adhesion and cell growth in vitro and in vivo in mice. Because tumors require angiogenesis for growth, we examined whether thrombin induces neoangiogenesis in a physiologically intact in vivo model. Thrombin (0.1 U mL-1) induced neoangiogenesis in the chick chorioallantoic membrane over a 24-72-h period by approximately 2-3-fold. This was inhibited by the potent thrombin inhibitor, hirudin and shown to have its mode of action by ligation of the thrombin protease-activated receptor, PAR-1. The thrombin receptor activation peptide, SFLLRNPNDKYEPF (200 microm) also enhanced neoangiogenesis c. 2-3-fold. Thrombin-induced neoangiogenesis was accompanied by the induction of vascular endothelial growth factor (VEGF) and angiopoietin-2 (Ang-2) mRNA at 24-48 h (approximately 2-fold) as determined by semi-quantitative reverse transcriptase-polymerase chain reaction. Thrombin-induced neoangiogenesis was inhibited to baseline level by the specific angiogenesis receptor inhibitors KDR-Fc (vs. VEGF) and Tie-2-Fc (vs. Ang-1 and Ang-2), as well as the non-specific angiogenesis inhibitor thrombospondin-1. Thrombin-induced neoangiogenesis was also inhibited to baseline level by agents known to inhibit thrombin receptor signaling in other cells: G-coupled protein receptor inhibitor, pertussis toxin (40 pg per egg), protein kinase C inhibitor, bisindolylmaleimide (1 microm per egg), MAP kinase inhibitor, PD980598 (10 microm per egg) and PI3 kinase inhibitor, LY294002 (0.25 microm per egg). Thus angiogenesis is stimulated by thrombosis, which could help explain the enhancement of experimental tumorigenesis by thrombin.